Questions relating to drug use, dosing, and related issues in oncology are presented in this regular feature.
Amphotericin B
AMB was first isolated at Squibb Laboratories in 1953 as a byproduct of Streptomyces nodosus fermentation. Initial data on its antifungal activity were published three years later. Amphotericin B (Fig 2) was so named due to its amphoteric chemical properties: it forms soluble salts under acidic and basic conditions but is insoluble in water. Therefore, commercial AMB for injection requires the addition of sodium deoxycholate, which produces a soluble colloidal dispersion (Fungizone, Bristol Myers-Squibb Co, Cherry Hill, NJ, available in generic form). AMB is a polyene macrolide antifungal that adheres to ergosterol in the fungal cell wall producing increased membrane permeability and leading to cell death by leakage of cell contents. AMB also has the benefit of a broad antifungal spectrum including Candida species, Torulopsis glabrata, Blastomyces dermatitidis, Coccidioides immitis, Cryptococcus neoformans, Paracoccidioides brasiliensis, and Histoplasmosa capsulatum, as well as Sporothrix species. 6, 9 Variable activity has been reported against Aspergillus, Fusarium, and Mucor. 6, 9 Due to its superior fungal spectrum and the potential of fungicidal activity, AMB remains the mainstay of the management of systemic fungal infections. 6, 9 Due to the high risk of fungal superinfections, empiric use of AMB in the setting of prolonged neutropenic fevers following 5 to 7 days of broad-spectrum antibiotic therapy is indicated. 10 Despite the value of AMB and the importance of early initiation upon clinical suspicion of fungal infection, AMB has often been underutilized in clinical practice. AMB earned its nickname, "amphoterrible," from its unfavorable toxicity profile. Patients often complain of the infusion-related toxicity that produces fever and shaking chills in the majority of patients receiving this agent. 9, 11, 12 The severity of this syndrome can range from barely noticeable to completely intolerable. Prompt treatment of rigors with meperidine 25 to 50 mg IV push will usually alleviate the rigors. 9 Premedication with acetaminophen 650 mg PO, diphenhydramine 25 to 50 mg IV push, and/or hydrocortisone 25 to 50 mg IV push may benefit some particularly insensitive patients. Infusion-related reactions generally decline in severity with time. 6, 9 Of more concern to the clinician than the infusion-related toxicity is the frequent complication of renal toxicity. AMB exerts its nephrotoxic effects by reducing glomerular filtration rate and renal blood flow in addition to interfering with proximal and distal electrolyte reabsorption. 9 The clinical result may include evidence of renal tubular acidosis, casts in the urine, azotemia, oliguria, and magnesium and potassium wasting. Reversible renal impairment will be detected in greater than 80% of patients within two weeks. 9 Irreversible renal damage has been reported, particularly after treatment with high cumulative doses. Sodium supplementation (150 mEq per day) appears to reduce the frequency of nephrotoxicity. 6, 9 Nonetheless, renal damage remains the most significant risk of AMB therapy. 
Pharmaceutical Use of Lipid Technology
Liposomes are vesicles composed of spherical arrangements of bilayered phospholipid molecules (Fig 3) . In an aqueous medium such as the human body, hydrophilic "heads" face outward protecting the hydrophobic "tails" from contact with water. Hydrophobic chemicals such as AMB can be incorporated into the lipid bilayer. Liposomal and related lipid complexes will affect drug delivery due to selective uptake by the reticuloendothelial system, which results in altered drug distribution. 13 Spe-cifically, the drug is concentrated in the liver, spleen, lymph nodes, and bone marrow. Phagocytosis of these lipid complexes may lead to enhanced concentration at sites of active infection or inflammation. 13 While the liposome serves as a model for understanding the selectivity of the lipid formulations of AMB, each agent has its own distinct molecular structure (Figs 4-6). These variations result in profound pharmacokinetic differences that could result in clinically important differences. Abelcet consists of a 1:1 ratio of AMB in combination with a 7:3 ratio of dimyristoyl phosphatidylcholine to dimyristoyl phosphatidylglycerol. The resulting complex forms a tightly packed ribbon structure, approximately 250 nm in diameter, the largest of the three lipid formulations. 14 Amphotec is a colloidal dispersion produced by a 1:1 molar ratio of AMB and cholesteryl sulfate. The resulting disc-like structure measures 122 nm in diameter with a thickness of 4 nm. 15 AmBisome is produced by the incorporation of AMB into a single liposomal bilayer composed of hydrogenated soy phosphatidylcholine, cholesterol, and distearoyl phosphatidylglycerol in a 10:5:4 ratio. AmBisome has the simplest and smallest lipid structure with a diameter of 60 to 70 nm.
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Pharmacokinetics
The various lipid formulations of AMB have proven to produce dramatically different pharmacokinetic properties (Table 1) . Of note, all available pharmacokinetic data are based on total serum concentrations of AMB and therefore include both complexed and free drug. This is particularly significant for AmBisome, which displays a much slower rate of uptake by the reticuloendothelial system than either Abelcet or Amphotec due to its smaller size and negative charge. 17 This results in higher plasma levels and a significantly lower volume of distribution, which is a reflection of the extent and rate of tissue penetration. More clinically relevant than total AMB plasma concentrations may be tissue AMB levels as measured by various animal studies. All three formulations are concentrated in the liver and spleen in a dosedependent fashion, while renal amphotericin levels are comparable to those obtained with conventional AMB. In contrast to Amphotec and AmBisome, Abelcet achieves higher pulmonary concentrations than AMB deoxycholate. 17 Central nervous system penetration is another potentially important area of drug distribution. In a study of noninfected, catheterized rabbits, Groll and colleagues 18 found undetectable amphotericin cerebrospinal fluid levels following 7 days with standard doses of conventional AMB, Abelcet, Amphotec, or AmBisome. Clinically relevant brain tissue concentrations, however, were achieved most notably with AmBisome, which obtained levels 4 to 7 times higher than the other formulations. Clinical trials are needed to determine if Abelcet is in fact superior in pulmonary infections or if AmBisome is superior in central nervous system infections.
Therapeutic Use
Unfortunately, no clinical trials have been published that directly compare two or three lipid formulations in the same patient populations. Instead, most clinical data are based on compassionate-use trials or comparisons between conventional and lipid formulations of AMB.
Abelcet
AMB lipid complex was approved based primarily on compassionate-use trials in patients with life-threatening fungal infections (candidiasis, aspergillosis, cryptococcosis, zygomycosis, fusariosis, etc). These patients failed AMB therapy (cumulative dose >=1000 mg) or other antifungals, they developed AMB-induced nephrotoxicity (serum creatinine level >=2.5 mg/dL in adults), or they had equivalent renal disease at baseline. They were treated with Abelcet 5 mg/kg per day intravenously for four weeks. In a cohort of 228 cases, the overall clinical response rate was 69% with a 55% mycological response rate. Candidiasis proved to be somewhat more sensitive than aspergillosis (78% vs 60% clinical response rate, respectively). Serum creatinine levels declined from a mean baseline of 3.69 to 2.06 mg/dL at week 4 (P<0.0001) in the group enrolled for nephrotoxicity. In this uncontrolled trial, Abelcet demonstrated clinical efficacy as well as reduced nephrotoxicity. 19 Anaissie and colleagues 11 performed a randomized multicenter trial in candidemic patients comparing Abelcet 5 mg/kg per day intravenously (153 patients) with AMB 0.6 to 1 mg/kg per day intravenously (78 patients) for a mean of 14 days. These patients were immunocompromised secondary to cancer (50%), major surgery (16%), immunological disease or diabetes (14%), or other causes (20%). Response rates for the two treatment groups were similar: 63% for Abelcet vs 68% for AMB. At three months, there was no difference in relapse or survival. Baseline serum creatinine levels doubled in 28% of Abelcet patients at a median of 82 days vs 47% of AMB patients at a median of 19 days of therapy. Other adverse effects were similar in incidence. This trial concluded that Abelcet was equally efficacious for candidemia but less nephrotoxic than AMB in this population.
A small series of six children with hepatosplenic candidiasis treated with Abelcet 2.5 mg/kg intravenously for 6 weeks was reported by Walsh et al. 20 One of the six children could not be evaluated for efficacy due to early death related to relapsed leukemia. All children were evaluated for safety, tolerance, and pharmacokinetics. No nephrotoxicity was encountered. Complete clinical responses were achieved in all five evaluable patients and were confirmed by regressing liver and spleen lesions by CT and magnetic resonance imaging scans. A subset analysis of emergency-use trials of Abelcet revealed that 73 of 556 patients were treated with doses of <=3 mg/kg per day. Patients with yeast infections were more likely to be treated with a low dose (21% of patients with candidiasis) than those with mold infections (6% of patients with aspergillosis). The overall response rate for this group was 82%, with insufficient power to identify differences in efficacy by organism. 21 Treatment with Abelcet appears to be effective at doses lower than 5 mg/kg per day intravenously in sensitive organisms, including many Candida species. Prospectively designed clinical trials should be performed to confirm this concept.
Amphotec
Initial phase I data regarding AMB cholesteryl sulfate in 75 bone marrow transplant patients with fungal infections were reported by Bowden and associates.
22 Dose escalation in this trial established the maximum tolerated dose of 7.5 mg/kg per day via intravenous infusion. Beyond this dose, infusion-related toxicity (fevers, chills, rigors, and hypotension requiring vasopressor use) became intolerable. Renal toxicity, defined as a serum creatinine level at 150 to 200% baseline or up to 2.5 mg/dL, occurred in 17% of patients and may have been largely due to their underlying disease state. Severe renal toxicity, defined as serum creatinine greater than 200% baseline or 2.5 mg/dL, was not reported in this trial. Those using Amphotec were required to meet one of the following criteria: (1) refractory to >=15 mg/kg cumulative dose of AMB, (2) nephrotoxicity with AMB defined as doubling of serum creatinine or an increase of >=1.5 mg/dL above baseline, (3) pre-existing renal dysfunction defined as serum creatinine >=2 mg/dL, or (4) participation in the phase I trial in bone marrow transplant patients. Clinical response rates for Amphotec vs AMB were as follows: 48.8% vs 23.4%, respectively, overall (P<0.001), 35.9% vs 19.5%, respectively, in bone marrow transplant patients (P=0.049), and 75% vs 18.6%, respectively, in patients with hematological malignancies (P<0.001). Survival showed similar trends: 50% vs 71.6%, respectively, of patients died during treatment for aspergillosis (P<0.001). Ampho-tec also displayed less nephrotoxicity: 43.1% vs 8.2%, respectively (P<0.001). While these results suggest clinical superiority of Amphotec over AMB, the retrospective and uncontrolled methodology limits the conclusions to reduced toxicity with at least equivalent efficacy. These same open-label trials also demonstrated activity of Amphotec in the treatment of infections with Candida, Cryptococcus, Mucor, and Fusaria. 23 White and colleagues 24 also studied Amphotec 4 mg/kg per day intravenously vs AMB 0.8 mg/kg per day intravenously for the empiric treatment of 194 cases of febrile neutropenia >=72 hours after initiation of broad-spectrum antibiotics. In this trial reported in abstract form, success was defined as survival 7 days after study drug, defervescence, no evidence of emerging fungal infection, and study drug tolerance. Patients were divided into cohorts based on age and exposure to cyclosporine or tacrolimus and were on study for a median of 8 to 11.5 days. There was no statistically significant difference in terms of engraftment, clinical success, or survival. All groups displayed a statistically significant reduction in renal toxicity. As with Abelcet and Amphotec, data for AmBisome treatment of patients with documented fungal infections (Aspergillus, 16 The largest published series of AmBisome-treated patients with documented or suspected fungal infections was reported by Mills et al. 25 They described 133 episodes in 116 neutropenic patients. The majority of these patients (74%) received AmBisome after AMB therapy either for intolerance (66 of 99 patients) or for evidence of progressive infection (32 of 99 patients). Most of those receiving AmBisome first-line either had recurrence of previous AmBisome-requiring infections (16 of 34 patients) or had pre-existing renal dysfunction (8 of 34 patients). The median duration of therapy was 12 days with a median total dose of 1684 mg. AmBisome was well tolerated renally, but the authors reported a 17% incidence of hepatic function test abnormalities possibly related to AmBisome use. Of 21 patients with documented aspergillosis, 13 (62%) obtained a clinical response. Eleven (52%) of these 21 patients had progressive disease after AMB therapy, of whom 7 (64%) responded. Thirty-six patients with suspected aspergillosis displayed a 53% complete or good partial eradication of their signs of infection, including eight patients who had progressive disease following AMB. Overall, 61% of patients achieved a clinically successful outcome, including 13 patients with proven aspergillosis and 39 patients with evidence of candidiasis.
AmBisome
Candida, Cryptococcus) have been extrapolated from open-label compassionate-use protocols primarily for refractory or intolerant cases. At the time of this writing, these data have not been reported in full. AmBisome 3 to 5 mg/kg per day intravenously was provided for 140 infectious episodes in 133 patients, with 53 episodes evaluable for mycological response and 91 episodes evaluable for clinical outcome. Clinical success and mycological eradication occurred in some patients with documented aspergillosis, candidiasis, and cryptococcosis.
Prentice et al
26 reported the results of two open-label, randomized trials of AmBisome 1 or 3 mg/kg per day intravenously vs AMB 1 mg/kg per day intravenously in persistently febrile neutropenic patients. The adult trial enrolled 43, 42, and 45 patients, respectively, while the pediatric trial included 7 patients at each dose level. Success was defined as fever resolution for 3 days with no new fungal infections. When both trials were combined, the groups using AmBisome and AMB 1 mg/kg per day displayed similar efficacy (58% vs 49%, respectively). AmBisome 3 mg/kg per day was slightly more effective than AMB (64% vs 49%, respectively). Insufficient power existed to prove a significant difference when the results were evaluated in age subgroups. AMB toxicities (eg, hypokalemia, infusion reactions, nephrotoxicity) were least common with AmBisome 1 mg/kg per day, followed by AmBisome 3 mg/kg per day, then AMB 1 mg/kg per day. Doubling of serum creatinine levels occurred in 10%, 12%, and 24% of patients, respectively. Of note, this trial used an aggressive dose of conventional AMB. Less nephrotoxicity may have occurred if a more standard neutropenic fever dose of AMB (0.5 to 0.6 mg/kg per day intravenously) had been used.
H. Lee Moffitt Cancer Center participated in a multicenter trial to evaluate AmBisome 3 to 6 mg/kg per day intravenously vs AMB 0.6 to 1.2 mg/kg per day intravenously in the empirical treatment of patients with neutropenic fevers after at least 96 hours of broad-spectrum antibiosis. This randomized, double-blind, comparative trial enrolled 687 patients (343 using AmBisome and 344 using AMB). Therapeutic success was defined as defervescence, absence of emerging fungal infection, survival for at least 7 days following therapy, tolerance of study drug, and resolution of any entry fungal infection. Overall success was achieved in 49.9% of patients using AmBisome vs 49.1% of those using AMB with no differences in any safety or efficacy endpoints. Both groups had similar incidence of discontinuation of study drug due to toxicity or lack of efficacy (14.3% vs 18.6%, respectively). AmBisome and AMB were found to be equivalent for the empirical therapy of persistent febrile neutropenia. 16 
Adverse Effects
Anaphylaxis has been reported with an incidence of less than 0.1% in patients receiving both conventional and lipid formulations of AMB.
14 -16 AMB 1 mg intravenous test doses have been widely used but do not reliably screen for anaphylaxis. 6, 9 Epinephrine, oxygen, intravenous corticosteroids, and airway management should be immediately administered as indicated. 14 -16 Table 2 reflects the most common-ly reported adverse effects and their incidence. Direct comparison among lipid formulations is difficult as no such parallel trials have been reported. Where possible, adverse-effect data for both the lipid formulation and conventional AMB in the same trial are provided in the table.
Nephrotoxicity was defined differently in each trial. For Abelcet, nephrotoxicity indicates doubling of serum creatinine. 11 For Amphotec, nephrotoxicity was defined as doubling of serum creatinine, an increase of serum creatinine by at least 1 mg/dL, or a 50% decrease in calculated creatinine clearance. 12 The AmBisome definition requires doubling of serum creatinine with minimum peak serum creatinine of 1.2 mg/dL. 16 In summary, the various lipid formulations of AMB are capable of producing all of the toxicities associated with conventional AMB. Clearly, nephrotoxicity is reduced with all of these formulations. Although this has not been directly compared in a head-to-head clinical trial, Amphotec appears to exhibit a higher incidence of infusion -related toxicities than its competitors. 11, 12, [14] [15] [16] In order to minimize this toxicity, Amphotec must be infused at a slower rate of 1 mg/kg per hour, requiring a five -hour infusion for maximal dosing vs a two-hour infusion for either Abelcet or AmBisome. This slower infusion rate can cause difficulties in terms of central line access, nursing administration and monitoring time, as well as clinic or home health care time for outpatients. Table 3 summarizes the most common drug interactions encountered with AMB formulations. Table 4 summarizes recommended dosing and administration guidelines for the AMB formulations. 
Drug Interactions, Dosage, and Administration
Cost Evaluation
Toxicity issues have traditionally limited the use of conventional AMB. The limiting factor for use of the lipid formulations of AMB may prove to be the difficulty in determining the most cost-effective use of these extremely expensive antifungal agents. Table 5 reports drug costs based on average wholesale price. 27 Due to wide contractual variations, these figures may or may not accurately reflect the actual pharmacy cost or patient charge in any given institution. Given the increasing frequency of managed care precapitated contracts, the clinician must strive to weigh the benefits of these agents against their high cost.
Antineoplastic agents
Concurrent use may enhance potential for renal toxicity, bronchospasm, and hypotension.
Corticosteroids
May potentiate hypokalemia.
Cyclosporine, tacrolimus
Additive nephrotoxicity (less than with conventional AMB). May potentiate hypomagnesemia.
Digoxin Nephrotoxicity may decrease digoxin clearance and hypokalemia may potentiate digitalis toxicity.
Flucytosine
May increase flucytosine toxicity by increasing its cellular uptake and/or impairing its renal excretion.
Imidazole antifungals
Questionable antagonism due to reduced production of fungal ergosterol.
Leukocyte transfusions
Acute pulmonary toxicity with concurrent administration.
Other nephrotoxins
Additive nephrotoxicity with aminoglycosides, cisplatin, foscarnet, etc.
Skeletal muscle relaxants
Hypokalemia may potentiate skeletal muscle relaxant activity.
Zidovudine Increased myelosuppression and nephrotoxicity in dogs receiving AMB or Abelcet with zidovudine for 30 days. 
Conclusions
The various lipid formulations of AMB have demonstrated antifungal efficacy at least equivalent to the conventional product with significantly reduced nephrotoxicity. Despite pharmacokinetic differences among these products, available clinical data support the use of similar dosage regimens for each of these three products for similar indications. Empiric therapy of persistent febrile neutropenia may be treated with 3 to 4 mg/kg per day intravenously, while documented, life-threatening, systemic fungal infections require 5 to 6 mg/kg per day intravenously. Abelcet and AmBisome appear to have an advantage over Amphotec in terms of frequency and severity of infusion -related toxicity, and they also allow more rapid infusion. 14 -16 Currently, no data exist to suggest that any one of these agents exhibits a greater efficacy than the others.
Determining the most cost-effective use of these highly expensive but clinically useful agents remains a challenge. Current clinical data strongly suggest that even the most draconian of formularies should allow for the use of one of these agents for the treatment of life-threatening fungal infections when conventional AMB is contraindicated. This would include patients whose infections have progressed despite adequate doses of conventional AMB treatment, patients who experience significant nephrotoxicity secondary to AMB therapy, or patients with significant pre-existing renal impairment. This policy essentially uses the emergency-use trial inclusion criteria as drug-use criteria.
